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Abstract
Regulation of gene expression in response to cell density is considered to be caused by quorum
sensing and quorum sensing systems based on bacterial extra cellular signaling molecules, the so-called
autoinducers(AIs). Porphyromonas gingiualis secrete autoinducer 2(AI2). The purpose here was to
examine whether AI2 influenced protein production of P. gingiaalis. The h,uS gene, one of the genes
for Al2 production, mutant(N3) was constructed and the protein production of P. gingioars ATCC
33277 (parent strain) and P. gingiualis N3 was compared using two dimensional gel electrophoresis.
No differences in spot number were observed between the parent strain and N3, but the spot volume
of one spot was larger in the parent strain than N3. With N-terminal amino acid sequence analysis,
this spot was shown to be Rgp, a major pathogenic factor of P. gingioalis. The Rgp activity of cells
of the parent strain was also higher than that of N3.
From these results it is suggested that AI2 may be involved in regulation of Rgp production and in
increasing the pathogenicity of P. gingiualis in oral biofilms.
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Fig. I . Construction of a site specific mutant by allelic exchange. The pGEM-KS containing
lux,S gene interrupted by an ermF-ermAM cassette. The plasmid was linearized with
NolI and introduced into P. gingiualrs ATCC 33277 by electroporation. P. gingiualis was
incubated on GAM agar containing erythromycin (10pglm1) for 7 days at 37'C.
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Fig.2. Agarose gel electrophoresis pattern of
PCR product of lwxS mutant oI P. gingiualis.
Twelve erythromycin-resistant colonies
from P. gingiualis ATCC33277 that had been
transferred with pGEM-SK were analyzed by
PCR using the /z.rS primer.
lane 1, Mw maker; lane 2, P. gingualis Kl;
lane 3, P. gingiualis K2; lane 4, P. gingiualis
K3; lane 5, P. gingiualis K4; lane 6, P. gin'
giualis K5; lane 7, P. gingiualis K6; lane 8, P.
gingiualis N1; lane 9, P. gingiualis N2; lane
70, P. gingiualis N3; lane ll, P. gingiualis N4
lane 12, P. gingiualis N5; lane 13, P. gingiualis
N6.
B
2l
!i,
*;lw
ffil
::
*
n
*,
Fig. 3 . Two dimensional electrophoresis pattern of cells of P. gingiualis ATCC33277 and N3.
A: P. gingiualis N3 was incubated at 37"C for 16 hr. ts: P. gingiualis ATCC33277 was incubated
at 37"C for 16 hr. After incubation, both cells were prepared for sample of two dimensional gel
electrophoresis. The arrows indicate the spot where spot volume increased in either gel.
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Fig. 4 . Quantitative analysis of the spot which
increased in spot volume in the parent strain
using PDQuest.
A : Master gel. B : P. gingiual,s N3 (/&rS
mutant) . C : P. gingiualis ATCC33277 (par-
ent strain). Arrows indicate the spot with
increased spot volume in the gel of the parent
strain.
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Fig.5 . Two dimensional electrophoresis pattern
of cells of P. gingiualis ATCC33277. Spots
indicated with arrows were analyzed for the
N-terminal amino acid sequence.
Table 1 . N terminal amino acid sequence of protein spots by two dimensional electrophor.
esis of P. gingiualis A'1CC33277 cell and the result of the BLAST search
Protein sDot N-terminal amino acid seouence determined Protein Gene
A
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D
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F
G
H
I
YTPVEEKQNG
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AGDGODOANP
Rcp
translation elongation factor Ts
NAD-specifi c gultmate dehydrogenase
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60kDa chaperonin(gro EL)
NAD-specific gultamate dehydrogense
fimbrillin
fructose-bisphosphate aldolase, class I
67kDa maior outer membrme orotein
rgPA
tsI
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groEL
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Fig. 6 . Comparison of Rgp activity between P
gingiualis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase. The
results are expressed as mean+SD from the
different experiments with triplicate cul-
tures. * : P<0.05 as compared with P. gin-
eiualis ATCC33277. I parent strain, E N3
(/ecrS mutant)
early log phase cell
ATCC 3327 7 ffi.0)Rgoi5'f$r5rffi tr :ftfi tfr b E l, le
(Fig.6). */e, ffiEti6i.iilate log phase
* ?ijRgpifi'W.t*rhD b-6tt f , Rgpl*late log
phase * Tl*Yh DH'{6*E i.f;HA l-a\,\ 6 b 0)
L*L6tttc. (data not shown)
Edly log phse cell Middle log phse cell Late log ph6e cell
Fig. 7 . Comparison of HA activity between P.
gingioalis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase
using 2l sheep red blood cell. ! parent
strain, E N3 (/zrs mutant)
late log phase cell
",,MW
P. gingivalis ATCC332T
P. intermedia ATCC?56 I I
P. gingivalrs N3
+
P. intermedla ATCC256I I P.intermediaATCAS6|| P.internediaATCA56ll
Fig.8 . Comparison of coaggregation of each growth phase cell oI P. gingiualis 4TCC33277,
N3 and P. intetmedia ATCC25611. (A1): Coaggregation between early log phase cells
of P. gingiualis ATCC33277 and P. intermedia ATCC25611. (A2): Coaggregation
between early log phase cells of P. gingiualis N3 and P. intermedia ATCC25611. (B1):
Coaggregation between middle log phase cells of P. gingiualis A|CC33277 and P.
intermeia ATCC25611. (B2) : Coaggregation between middle log phase cells of P.
gingiualis N3 and P. intermeia ATCC25611. (C1): Coaggregation between late log
phase cell of P. gingiualis ATCC33277 and P. intermedia ATCC256L1. (C2): Coaggrega-
tion between late log phase cell oI P. gingiualis N3 and P. intermedia ATCC25611.
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4 . P. gingivalis ATCC 332711*t N3ffi@HAiE
t4o)tb#
P. gingiualiso HAi61t i* Rgp O C *.t zE&
f 6 adhesin domainisHS, 6 tr'6E'[*nrifi <
b P. gingiaalis ATCC 3327 TEXL N3ffi O HAiE
,I+E hTW.L t. LNEffi H O ffi iE L Jt I,I HAiE'[4
aHliltt R 6 il,/: i\, trHffi Ffi ro HAi6'l4o
Evr l*8, t>lfl"ttb'c t (Fig. 7 ).
5 . P. gingivalis ATCC 33217 t N3O)P. inter-
mediat A*ffit4)Lb#.
P. gingiualis L P. intermediaLa*&Lflt*
RgpOadhesin domainOHcPlTnj"rfi < ffi 5 L
(ur6q'6u'*nrzi@3 tta v> A a t t 9 ("), P.
gingiualis ATCC33277ffi k N3ffiOP. inter-
mediaL a*&tFb Ltffi L /:. . tL 6 o)ffiffitt
$ tt, a ;+&tFoffi'ltoffi ie B F, t, tt lt b, o le.
Li, L, P. gingiaalisofrffitraffiEffiF{Offi
iE L + t ++&LF*affi)il-f 6 fEfi b* F. r, tuft
(Fig. 8 ).
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tt. ? i'LilN+.ffi7 : ,/ mgd,r\O ff;* t
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W.l-<v'b. *.4IJ.AIZAEIE Wb7uf t*L
P!l;6P1L, Al2I. x D *R WbYti a.EE+L
? tLt J. 9 XrRt.Alt aF,btt,6 y' > tf ) Hrr
,u)(mffiHft ffiffiL, Ar?t tDRgp7)'>
)s ) HffiTHE L H{6a;Rgptfr,W.atYh1bJfrg . 6
a L tWt>b,ttal-/t.
Rgp ilP. gingioalis OEffilF,B+ O | 2T fi)
D, Rgpil L l. r 7 *l >., 4 7I *z -r )u
i ) + >+btlw-r affHblb D, ffiH,flffit
trEPlE(tr, aEfi2'l>+Qo''z1), L I- fuEz u7t)
>(2o,2t,P y 4 | h 4 >Q"t t+ffi-r a {FH,tr.*T
+yil*E ff H fi\ fr> 9 tz o'z tt 6 r. EtrFk'ffi^ b WW
-f AE.h?'l+., )r \ ) v 4 >' h 77- i'^Oif;'l&
ILQ,), +frff0)E& ff:lFffib;fr, D e^tftffi.F-tt,b jL:F-
3r6trJ6Ejt, 7 4 ?\ ) 
-f> . 7 4 7) >
A'}ffiff Hb\ fr) D Q5,26\, ffiHfrflffiT DHME A
#XT 6nlh2'l+, trri&&ttrH x tr+ o;t$f 6 if;
'Y+ltfr?b:b D Q'), 'tfr,X'l+m€ruffitrffifi AE .
9 nl6E'krr DnjISE 3 tL< v\ 4 . 3 6 l,; Rgp iJ
protease activated receptorstflHfi L, RgpH
HbsIL-Gatr#-r,zW+'f 6 L O W€ 6 6
ZQ8\. ao)a L tY) Al2tz t9RepOtrSnrH
lJn-f A a L iJUffilt )r 4 t 7 4 )v AFfz*,r,,<
P. gingiualisDffil*'l+.affilrli 6 lnl bb,o)W+
& L ( u, 4 *) a t ftriEU 3 itlr. AI2I*AI1 k ^Err
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D Al?*trkfi*rrv>E. coli DHsmi. tuxSi€
trx'? bligation l-ft 7 1 x :. I:' &transforma-
tion-f 4 a L 1,. & 9tr&3 ttle Al2Iz5r,r( tr
P. gingiualis N3ffiORgp/) y' ), tf ? HXTEig
nrfHm, 6 a- LLF,a\>b. (data not shown)
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ffi1 t > are:Rn lfr.oftrH L ilEa affiffiTb
6 L 3 tta v' b?s). ? a I'; L \.aadhesin
domaind)Hgp15i\".+ / u € > Lffier- A a
t ttz t D ffi1 n >iEt$rrg4l-a v\ b t 3 trL(
ri)6(38). aA a LIJAI2i. r D ffirelebfiEL
(t,r6E6r'nnlzr@3it /r. a0)a t bRgpt\
25
(145)
26 ffiAH*, hfi,,/p.gingiualisAy'>t\2H.#IE,..d)quorumsensing,)*v€
P. gingiualisa+trfij LN#H'l,.rA < H5L<
v)AaLbTr;L<v\b.
UJ:A a L t Y) P. gingiualis itAl2i. j ,
Rgpo)#IEn;ffilrl?. AlrRfrlb:. b D, . i'L l* trffi
)r 4 t 7 4 )v AFtr*a U 6 P. gingiualis1)#H
nr5fi ( zrt@3 i't./:.
f,t#
A*t*lFWr,z t>ft D 7 z x : i.^ or)5/r 6 C
i-ffi{ a+E"€L(t,it/j3 * LtEll6t+ffi+
*ll, ET++HIJTE&, +rlJiEX#Wt,L' t D ffi#
#l-i>1,7-* r. 2 fuL€Rwflstz->v,a a+H€
L(t,r/j 3 *.1,1efrfrtrt+E+*11, FWaJ.
,Ls., /sE*EW#ffi.r,z,ij I H#H L 6 tr*
t. Zx)L666fu,rh.ay >)s?H0)An" y I
O NX4f; 7 : ) Wqdytlffitfi r,t il#jt L r r ) /. /j
5 * L/e HHH#t+, tHtF#ErLSi;,1. j ,
H#+ Lfr>ti*.-r.
tffi
1 . Bassler BL : How bacteria talk to each other i
regulation of gene expression by quorum sensing.
Current OPinion in Microbiologjt, 2 : 582-587 ,
1999.
2. Nealson KH, Platt T and Hastings JW : Cellu-
lar control of the synthesis and activity of the
bacterial luminescent system. J Bacteriol, 104 :
313-322, t970.
3. Engebrecht J, Nealson K and Silverman M l
Bacterial bioluminescence I isolation and genetic
analysis of functions from Vibio fischei. Cell,
32:773-781, 1,983.
4. Engebrecht J and Silverman M I Identification
of genes and gene products necessary for bacte-
rial bioluminescence. Proc Natl Acad Sci USA.
81 : 4154 4158, 1984.
5. Engebrecht J and Silverman M I Nucleotide
sequence of the regulatory locus controlling
expression of bacterial genes for bioluminescen-
ce. Nucleic Acids Res,15: 10455-10467, 1987.
6. Kuipers OP, Beerthuyzen MM, Siezen RJ et
al. I Characterization of the nisin gene cluster
nisABTCIPR of Lactococcus /aclzs. Requirement
of expression of the nisA and nisl genes for
development of immunity. Eur J Biochem, ZLG 1
281 291, 1993.
7 . Kuipers OP, Beerthuyzen MM, de Ruyter
PGGA et al. i Autoregulation of nisin biosynth-
esis in Lactococus lactis by signal transduction. /
Biol Chem, 270:27299-27304, 1995.
8 . Surette MG and Bassler BL i Quorum sensing
in Escheichia coli and Salmonella tlphimuium.
Proc Natl Acad Sci USA, 95: 7046-7050, 1998.
9. Davies DG, Parsek MR, Pearson JP et al. : The
involvement of cell-to-cell signals in the develop-
ment of a bacterial biofilm. Science. 280 :
295 298, 1998.
10. Sperandio V, Mellies JL, Nguyen W et al. i
Quorum sensing controls expression of the typelll
secretion gene transcription and protein secretion
in enterohemorrhagic and enteropathogenic Es-
cheichia coli. Proc Natl Acad Sci USA, 96:
15196 15201, 1999.
11. Frias J, Olle E and Alsina M i Periodontal
pathogens produce quorum sensing signal mole-
ctles. Infect Immun, 69:3431-3434, 2001.
12. Chung WO, Park Y, Lamont RJ et al. i Signa-
ling system in Porphyroruonas gingiualis based on
a LuxS protein. J Bacteiol, 183: 3903 3909,
2001.
13. McNab R, Ford SK, El-Sabaeny A et al. i
LuxS-based signaling in Streptococcus gordonii'.
autoinducer 2 controls carbohydrate metabolism
and biofilm formation with Potphyromonas gin-
giualis. J Bacteiol, 185:274-284, 2003.
14. Fong KP, Chung WO, Lamont RJ et al. I Intra
- and interspecies regulation of gene expression
by Actinobacillus actinomycetemcorytitance LtxS.
Infect Imrnun, 69,.7625 7634, 2001.
15. Burgess NA, Kirke DF, Williams P et al. i
LuxS dependent quorum sensing in Pofihyr-
omlnas gingiualis modulates protease and
haemagglutinin activities but is not essential for
virulence. Microbiology, 148 : 763-772, 2002.
16. Smith GLF, Socransky SS, and Smith CM :
(146)
HIGASHI NIPPON DENTAL JOURNAL Yo1.22, No.2, December, 2003 qa
Rapid method for the purification of DNA from
subgingival microorganisms. Oral Microbiol Im-
munol, 4:47 51, 1989.
17. Pridmore AM, Devine DA, Bonass WA et al. :
Influence of sample preparation technique on two
-dimensional gel electrophoresis of proteins from
Porfhyromonas gingiualis. Letters in Applied
Microbiology, 28:245 249, 1999.
18. Shi Y, Ratnayake DB, Okamoto K et al. i
Genetic analyses of proteolysis, hemoglobin bind-
ing, and hemagglutination of Porphyrolnonas
gingiualis : construction of mutants with a com-
bination of rg0A, rgPB, kg| and hagA. I Biol
Chem, 274: 17955 17960, 1999.
19. Kamaguchi A, Ohyama T, Sakai E et al. :
Adhesins encoded by the gingipain genes of
Porphyromonas gingiualis are responsible ior co
-aggregation with Preuotella intennedia. Microbi-
ology, t49:7257 1264, 2003.
20. Kadowaki T, Yoneda M, Okamoto K et al. l
Purification and characterization of a novel ar-
ginine-specific cysteine proteinase (argingipain)
involved in the pathogenesis of periodontal dis-
ease from the culture supernatant of Potphyr-
omonas gingiualis. J Biol Chent, 269:
2t37r 21378, 1994.
21, Abe N, Kadowaki T, Okamoto K et al. : Bio-
chemical and functional properties of lysine spe-
cific cysteine proteinase (Lys gingipain) as a
virulence factor of Porphltromonas gingiualis in
periodontal disease. J Biochem, 123..305 312,
1998.
22. Calkins CC, Platt K, Potempa J et al. l
Inactivation of tumor necrosis factor a by
proteinases (gingipains) from the periodontal
pathogen, Porphyromonas gingiualis. J Biol
Chem. 273 : 6611-6614, 1998.
23. Imamura T, Pike RN, Potempa J et al. : Path-
ogenesis of periodontitis i a major arginine spe-
cific cysteine proteinase from Porphyromons gin-
giualis induces vascular permeability enhance-
ment through activation of the kallikrein/kinin
pathway. J Clin Invest, 94: 361-367, 1994.
24. Wingrove JA, DiScipio RG, Chen Z et al. 1
Activation of complement components C3 and C5
by a cysteine proteinanse (gingipain 1) from
Porphyromonas(Bactroides) gingiualis. J Biol
Chem, 267 : 18902-18907, 1992.
25. Imamura T, Potempa J, Pike RN et al. i Effect
of free and vesicle bound cysteine proteinases of
Potphyrotnonas gingiualis on plasma clot forma-
tion i implications for bleeding tendency at per-
iodontitis sites. Infect Immun, 63 : 4877-4882,
1995.
26. Okamoto K, Nakayama K, Kadowaki T et
al. i Involvement of a lysine specific cysteine
proteinase in hemoglobin adsorption and heme
accumulation by Porphyromonas gingiualis. J
Biol Chem, 273:21225-21231, 1998.
27. Imamura T, Potempa J, Tanase S et al. l
Activation of blood coagulation factor X by
arginine specific cysteine proteinases (gingipain
Rs) from Porphyromonas gingiualis. J Biol
Chem, 272: 16062-16067, 1997.
28. Lourbakos A, Potempa J, Travis J et al. :
Arginine-specific protease from Porphyromonas
gingiualis activates protease activated receptors
on human oral epithelial cells and induces inter-
leukin 6 secretion. Infect Immun, 69 : 5121 5130,
2001.
29. Moore WE and Moore LV I The bacteria of
periodontal diseases. Periodontol, 5 : 66 77,2000.
30. Nakayama K, Yoshimura F, Kadowaki T et
al. I Involvement of arginine specific cysteine
proteinase (Arg gingipain) in fimbriation of
Porphyromonas gingiualis. J. Bacteiol, 178:
28t8-2824, 1996.
31. Kadou,aki T, Nakayama K, Yoshimura F et
al. : Arg-gingipain acts as a major processing
enzyme for various cell surface proteins in Por-
plryromonas gingiualis. J Biol Chem, 273:
29072 29076, 1998.
32. Nelson D, Potempa J, Kordula T et al. : Purifi-
cation and characterization of a novel cysteine
proteinase (periodontain) form Porphyromonas
gingiualis. Evidence for a role in the inactivation
of human alphal proteinase inhibitor. J Biol
Chem, 27 4 : 12245-12257, 1999.
33. Takahashi N, Sato T and Yamada T I Meta-
bolic pathways for cytotoxic end product forma-
tion from glutamate- and aspratate-containing
peptides by Poflihyromonas gingiualis. J Bacteiol,
(J47)
28 Arihide KAMAGUCHI, et al.,/Eftect of quorum sensing on production of Rgp
L82: 4704-47t0, 2000.
34. Pike R, McGraw W, Potempa J et al. I Lvsine-
and arginine-specific proteinases from Porfhyr-
omonas gi.ngiualis. Isolation, characterization,
and evidence for the existence of complexes with
hemagglutinins. I Biol Chern,269: 406-411,
1994.
35. Curtis MA, Kuramitsu HK, Lantz M et al. i
Molecular genetics and nomenclature of
proteases ol Porphyromonas gingiualis. J Per'
iodontal Res, M:464-472' 1999.
36. Nakayama K, Kadowaki T, Okamoto K et
al. I Construction and characterization of ar-
ginine-specific cysteine proteinase (Arg-gin-
gipain) -deficient mutants of Porphyromonas gin-
giuali.s. Evidence for significant contribution of
Arg-gingipain to virulence. I Biol Chem, 270,.
236L9-23626, t995.
37. Okamoto K, Kadowaki T, Nakayama K et
al. i Cloning and sequencing of the gene encoding
a novel lysine-specific cysteine proteinase (Lys
-gingipain) in Porfhyrornonas gingiualis i struc-
tural relationship with the arginine-specific
cysteine proteinase (Arg-gingipain). J Biochem,
120 I 398-406, 1996.
38. Nakayama K, Ratnayake DB, Tsukuba T et
al. i Haemoglobin receptor protein is
intragenically encoded by the cysteine proteinase
-encoding genes and the haemagglutinin-encod-
ing gene of Porlhyrontonas gingiualis. Mol Mi-
crobi.ol, 27 r 51-61, 1998.
39. Bramanti TE and Holt SC I Roles of porphyrins
and host iron transport proteins in regulation of
growth of. Porphyromonas gingiaalis W50. /
Bacteriol,173 : 7330-7339, 1991.
(148)
